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3-inch  CRT  High  Contrast  Displays 

Two-Color  CRT  Laminar  Flow  Electron  Gun 

Thin  Film  Phosphor 
\  Color  Penetration  Tube 
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*  Sixteen  faceplate*  were  completed  ami  characteristic  optical  data  was  recorded. 

The  difficulties  In  production  result  fmm  the  properties  of  the  faceplate  class 

ts  r 

limiting  the  maximum  temperature  of  the  l^t^S  heat  treatment. 

The  optimum  fabrication  techniques,  with  this  limitation,  pn»diircd  quality  faceplates. 
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CONFKRFNCFS 

lit  September  197s  at  l/tckheed  Palo  Alto  Research  laboratory  in 
Palo  Alto,  California.  Progress  was  reviewed  ami  discussed. 

Personnel  Present: 

\\  atkins- Johnson  Company 

Norman  H.  I  .eh re r 

I  ockhccd  Research  I  almratorv 

l)r.  Grant  Maple 
Dr.  Robert  Buchanan 

FRADCoM 

Dr.  Klliott  Schlam 
Mr.  Phillip  Krzyzkowski 

The  reproducibility  <>f  the  cathodoluminescent  thin  film  fabrication 
technique  needed  further  impro\ement.  This  had  been  recognized 
by  Lockheed  personnel  and  they  were  directing  a  major  portion  of 
their  effort  to  resolve  this.  Reproducibility  is  indicated  by  mea¬ 
surements  of  the  cathodoluminescent  efficiency,  and  the  diffuse 
and  specular  reflectivity  of  the  complete  composite  films.  The 
equipment  and  techniques  for  these  optical  measurements  were 
activeU  discussed.  Improved  techniques  were  planned. 

14  September  l!»7s  at  \\ atkins-.Johnson  Company  in  Scotts  Valley, 
California.  Progress  was  reviewed  and  discussed. 

Personnel  Present: 

\\  a  tk  ms -Johnson  Company 

Mr.  Norman  M.  I  ehrer 
Mr.  John  L.  turner 

FRADCoM 

Dr.  Llliott  Schlam 
Mr.  Phillip  Krzyzkowski 

Four  faceplates  were  received  and  fabricated  into  CRTs.  One  of 
four  achieved  successful  operation  (faceplate  *19).  Data  measured 
.it  lOkV  i  red  i  showed  it  to  have  improved  brightness  over  the  pre¬ 
vious  two  tubes  completed.  Specifically,  the  improvement  was  a 
factor  of  four.  This  tube  utilized  an  Kinzel  electron  gun  rather 
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Continued 

than  the  bijiotential  gun  used  in  the  first  two  tubes. 

The  Kineel  gun  tube  has  electrical  requirements  most  similar 
to  the  monochrome  tube*  that  was  proposed  to  be  replaced. 

I  NT  ROD  l '  C  TIG  N 
Background 

Development  of  the  high  contrast  two-color  tube,  which  is  the 
objective  of  this  program,  encompasses  the  fabrication  of  the 
screens  and  their  assembly  into  the  completed  tube.  The  screens 
are  being  made  by  the  Lockheed  Palo  Alto  Research  1  a  (oratory 
under  subcontract  from  Walk  ins -Johnson  Company.  Watklns- 
Johnson  will  assemble  the  completed  screens  into  finished  tubes. 

The  major  thrust  of  this  program  js  the  screen  fabrication  effort, 
particularly  the  application  of  these  screens  to  a  thin  film  phos¬ 
phor  cathode-ray  tube.  Fffort  on  the  screens  was  late  in  start¬ 
ing  because  of  the  delay  in  awarding  the  subcontract  to  the  Lock¬ 
heed  Palo  Alto  Research  Laboratory.  This  occured  in  Septem¬ 
ber.  1978. 

Faceplate  fabrication  proceeded  in  this  interim  culminating  in 
the  delivery'  of  lfi  faceplates  by  March  1,  1979.  The  bulk  of 
this  report  concerns  the  fabrication  effort. 

In  December  Watkins -Johnson  hired  Dr.  Cilenn  A.  Ilolmquist. 

His  responsibilities  will  include  work  on  this  program. 

Statement  of  the  Problem 

The  basic  objective  of  this  program  is  the  ability  to  display  in¬ 
formation  generated  by  various  electronic  systems  with  suitable 
high  resolution  in  two  colors  with  its  legibility  maintained  under 
ambient  illumination  ranging  from  104  to  10"*’  fc. 

Lxisting  color  tubes  cannot  satisfy  the  aliove  requirement.  Such 
tubes  which  employ  aperture  masks  are  severely  limited  in  bright¬ 
ness  and  resolution  by  the  aperture  mask.  Their  brightness  is 
limited  because  the  aperture  mask  transmission  Is  only  15-20T , 
therefore  wasting  ho-hsT  of  the  current.  The  w  ide  spacing  between 
holes  degrades  the  resolution  below  that  required  in  most  military 
systems.  Furthermore,  the  color  purity  of  such  tubes  is  in¬ 
fluenced  by  their  position  with  respect  to  the  earth's  magnetic 
field  and  it  is  therefore  impractical  to  incorporate  them  in  air¬ 
borne  systems. 
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2.3 

2. 3. 1 


2.  3.  2 


2.  3.  3 

2.  3.  3. 1 


2.  3.  3. 2 


Continued 


The  use  of  color  penetration  phosphors  overcomes  some  of  the 
problems  of  mask  type  tubes.  The  color  purity  is  no  longer 
affected  by  the  tube  orientation  anti  the  resolution  is  higher  than 
that  which  can  be  achieved  with  a  mask  type  tube.  Conventional 
color  penetration  tubes  which  employ  powdered  phosphors  cannot 
be  used  for  daylight  (high  brightness)  viewing  because  of  their 
high  reflectivity  ami  low  brightness  particularly  in  red,  which 
produces  a  washed-out  low  contrast  display.  The  reflectivity 
of  the  phosphor  is  high  because  of  its  particulate  nature.  The 
brightness  of  the  red  is  low  because  most  of  the  light  generated 
by  the  red  phosphor  is  scattered  by  the  green  phosphor  before  it 
reaches  the  faceplate  of  the  CRT. 


Technical  Guidelines 


Scope 


These  technical  guidelines  outline  a  program  leading  to  the 
design  and  fabrication  of  a  very  high  contrast  CRT.  The  screen 
phosphors  of  this  CRT  are  to  be  of  the  transparent  film  type 
ami  liacked  by  a  black  light  absorption  coating.  Therefore,  a 
prime  objective  of  this  program  is  the  incorporation  of  a  phos¬ 
phor-screen  technology  that  will  result  in  transparent  film  phos¬ 
phors  deposited  on  a  substrate-faceplate  which  is  an  integral 
part  of  the  CRT  envelope.  It  is  furthermore  intended  that  the 
phosphor  screen  incorporate  a  two  layer,  penetration  type  multi¬ 
color  structure.  This  phosphored  faceplate  is  to  be  attached 
to  available  tul>e  envelopes  in  a  manner  consistent  w  ith  economical 
CRT  manufacturing  methods. 


Applicable  Documents 
MIt.-E-l  Manual 


M1I.-STD-131 1 A 


Requirements 

General 


This  program  shall  be  directed  toward  the  development  of  a  high 
contrast  CRT  based  on  the  use  of  high  efficiency  transparent  phos¬ 
phors.  This  capability  is  intended  to  accomplish  this  by  an  ex¬ 
tension  of  available  phosphor  techniques  to  CRT  sizes  now  used 
in  military  equipment.  Areas  of  investigation  and  performance 
w  ill  include,  but  not  necessarily  be  limited  to,  the  features  out¬ 
lined  in  the  following  paragraphs. 


Detailed  Program  Objectives 


j 
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.  3.  2. 1  Phosphor  Screen  Characteristics 

1>  l  uminescent  Material  -  The  luminescent  material  shall 
he  one  that  has  a  demonstrated  high  cathodoluminescent 
efficency  in  transpa  rent  form.  Since  it  is  intendoci  that 
bi-layer  films  Ih*  used,  the  demonstrated  efficiency  should 
lx*  with  various  colors,  particularly  ml  and  green.  It 
is  not  intended  that  phosphor  development  per  se,  lx*  part 
of  this  program. 

2i  Phosphor  Persistence  -  The  transparent  phosphors  used 
in  the  CRT  screen  should  have  persistence  in  the  range 
of  JKDKC  designations  "medium  short"  to  "medium". 
Trade-offs  of  persistence  w  ith  other  phosphor  properties 
and  characteristics  should  be  determined. 

3*  Physical  Characteristics  -  It  is  intended  that  a  bi-layer  type 
of  phosphor  screen  shall  be  used  in  the  CRT.  In  that  event, 
each  phosphor  layer  shall  be  transparent  and  may  or  may 
not  be  separated  by  a  transparent  dielectric  layer. 

•I)  1  ight  Absorbing  Payer  -  A  requirement  of  this  program  is 

that  the  phosphor  screens  lx*  backed,  on  the  electron  gun 
side,  with  a  uniform  light  absorbing  coating  that  can  Ih? 
effectively  penetrated  by  the  electron  beam.  Specular  re¬ 
flection  from  this  coating,  on  the  phosphor  side,  should 
be  no  greater  than  IT.  Diffuse  reflectance  shall  be  no 
greater  than  0.  25T.  This  coating  shall  not  cause  any  sub¬ 
stantial  reduction  in  electron-current  or  electron-energy 
into  the  phosphor  screen. 

5>  Phosphor  Electrode  ~  The  phosphor  electrode  shall  lx*  a 

thin  aluminum  film,  lx*hind  the  black  coating  of  2.  3.  3.  2. 1-4, 
and  electrically  insulated  from  all  other  tulx*  electrodes  by 
means  sufficient  to  withstand  the  operating  levels  within  the 
tube  without  electrical  breakdown  or  appreciable  leakage 
current. 

6i  Phosphor  Screen  Substrate  -  The  phosphor  screen  substrate 
shall  lx*  capable  of  withstanding  all  necessary  fabrication 
techniques  of  the  transparent  film  screen  w  ithout  change  of 
shape  or  curvature  that  would  degrade  the  end  result  of  a 
completed  CRT. 

3. 3.  2.  2  CRT  Characteristics 

The  goal  of  this  program  is  a  CRT  that  is  physically  and  electrically 
replaceable  w  ith  a  currently  existing  CRT.  To  this  effect,  the  en¬ 
velope,  deflection  angle  and  means,  focusing  means,  and  biasing 
should  duplicate  a  Dumont  KC3055  (formerly  KC2626)  CRT  used  in 
the  AN/ A  PR-39.  It  Is  accepted  that  an  improved  electron  gun  may 
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Coni  inued 

be  used  with  Ihis  phosphor  screen.  To  ttrws  effect,  it  is  desirable 
thut  the  final  CUT  be  electrically  interchangeable  with  the  KC3055, 
as  closely  as  possible,  so  that  power  supplies  driving  the  KC3055 
need  not  be  replaced. 

CUT  Contrast 

It  is  necessary  that  the  CUT  be  legible  in  direct  sunlight  under  its 
normal  mode  of  operation,  without  the  use  of  added  contrast  en¬ 
hancement  devices.  Specific  quantitative  criteria  to  satisfy  this 
requirement  should  be  developed  so  that  optical  instrumentation 
tests  may  Ik?  used  for  its  verification. 

Faceplate  Characteristics 

The  faceplate  size  should  Ik?  directed  to  the  above  CUT.  The 
faceplates  shall  Ik-  bonded  to  the  tuln?  envelope  by  conventional 
means  or  use  of  graded  seals.  Cilass-to-metal  seals  are  un¬ 
desirable.  This  program  is  not  intended  to  support  special  en¬ 
velope  development. 

Phosphor  Voltage  Uangc 

The  CUT  should  operate  within  conventional  limits  of  anode  po¬ 
tential.  In  no  case  should  this  potential  exceed  20kV.  In  the 
penetration  screen  configuration,  anode  potential  shifts  to  achieve 
color  changes  should  be  minimized. 

Ucsolution 

A  line  w  idth,  taken  at  the  half  amplitude  jxiint  of  the  spot  distribu¬ 
tion,  of  0.012  inches  or  better  is  desirable.  The  line  w  idth  should 
not  exceed  0.016  inches. 

Display  I  uminanco 

4  .*1 

The  CUT  is  to  operate  under  ambient  illumination  from  10  to  10  *’ 
fc.  The  CUT  luminance  is  to  be  uniformly  adjustable  to  provide 
satisfactory  legibility  under  these  conditions. 

Writing  Speed 

A  minimum  writing  rate  of  50,000  in/sec  for  a  single  trace  for 
all  color  fields  is  desirable. 

Phosphor  Maintenance 

The  transparent  phosphors  shall  have  high  maintenance  under  nor¬ 
mal  modes  of  operation  consistent  w  ith  paragraph  2.  3.  3.  2.  3,  and 
bur-?  sensitivity  test  shall  be  conducted  on  the  screens  incorporated 
into  the  CUT. 
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2.3.3.2.10  Reliability  Consideration 


Since  the  CRTs  developed  under  this  program  are  intended  for 
tactical  and  airborne  applications,  adequate  consideration  must 
be  given  throughout  the  development  program  to  the  reliability 
of  this  tui>e  for  such  environments.  As  an  objective,  the  CRT 
should  Ik*  able  to  pass  the  physical  tests  for  CRTs  specified  in 
MIL-E-l. 

2.  3.  3.  2.11  Environmental  Testing 

Environmental  testing  of  the  CRTs  will  not  be  part  of  this  pro¬ 
gram. 

2.3.3.2.12  Program  Emphasis 

The  program  emphasizes  the  investigative  areas  outlined  in 
paragraphs  2.  3. 3.  2. 1-1 1.  2. 3.  3.  2. 1  — 4 » ,  2.3.3.2.2>,  2.3.3.  2. 3», 
ami  2.3.3.2.71. 
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TECHMCAI  APPROACH  <Tl  HE  DESIGN! 

Figure  1  is  a  schematic  of  the  proposed  high  contrast  multicolor 
CRT.  The  physical  dimensions  are  identical  with  that  of  the  ex¬ 
isting  CRT  (Dumont  KC3055*.  The  high  contrast  tube  will  employ 
a  1  ammarflo  Gun.  This  gun  offers  advantages  over  the  crossover 
gun  ami  is  described  in  Reference  1.  The  phosphor  s  reen  incor¬ 
porates  a  black  backed  multilayer  bicolor  transparent  phosphor 
film  deposited  on  a  substrate  which  is  bonded  to  the  CRT  funnel. 
The  details  of  this  screen  are  described  further  in  this  report. 

In  operation,  the  color  of  the  display  can  be  controlled  be  selection 
of  the  beam  potential.  At  about  10kV,  the  display  will  l>o  red,  at 
15-20kV  the  display  will  be  green.  With  the  exception  of  the  focus 
and  anode  potentials,  the  operating  voltage  w  ill  be  the  same  as  the 
existing  CRT. 

THE  THIN  Ell  M  PHOSPHOR  SCREEN 

Figure  2  is  a  schematic  representation  of  the  two-color  high  con¬ 
trast  film  to  be  employed  in  this  program.  As  shown  in  the  illus¬ 
tration,  the  two-color  phosphor  is  supported  on  a  transparent  sub¬ 
strate  which  forms  the  faceplate  of  the  CRT. 

The  green-luminescent  film  is  immediately  adjacent  to  the  sub¬ 
strate.  The  red-luminescent  film  resides  on  top  of  the  green  one. 
The  opaque  layer  is  defats i ted  on  the  other  face  of  the  red  phosphor 
film.  Finally,  a  thin  conducting  aluminum  layer  covers  the  opaque 
layer. 
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In  operation,  the  red  phosphor  layer  absorbs  most  or  all  of  the 
electron  beam  energy  at  fwtentials  below  lOkV.  At  high  |x>tcntials, 
for  example,  at  2ukV,  most  of  the  electron  beam  is  absorbed  in 
the  green  phosphor.  At  intermediate  potentials,  some  electrons 
are  absorbed  by  both  layers,  depending  upon  the  exact  value  of 
the  |>otential.  (A  mathematical  description  of  the  optimum  film 
thickness  is  given  in  the  proposal,  i  Therefore,  at  low  beam 
energies,  only  the  rod  phosphor  is  excited  and  the  display  appears 
red.  At  high  beam  energies,  the  green-luminescent  material  is 
more  excited  and  the  display  appears  green.  Various  mixtures 
of  the  two  colors  are  obtained  at  intermediate  values  of  the  |>o- 
tential.  Note  that  since  the  luminous  efficiency  of  the  red  is 
much  lower  than  that  of  the  green,  it  is  important  that  the  nil 
be  placed  closest  to  the  electron  gun,  to  prevent  color  contam¬ 
ination  of  the  red  by  the  green.  If  the  green  film  were  closest  to 
the  gun  it  would  not  be  jxissible  to  excite  the  red  without  getting 
some  color  contamination  from  the  green  phosphor. 

The  operation  of  this  screen  in  high  ambient  lighting  conditions 
was  discussed  in  our  pro|X>sal,  P— 15(dt. 

5.0  THIN  FI  I  M  PHOSPHOR  SCRFFN  FABRICATION  AND  MKASt  RKMENT 

During  this  interim  1  ockhced  Palo  Alto  Research  Laboratory  fai>- 
ricated  and  delivered  15  faceplates  to  Watkina-Johnson  and  one  to 
FRAIX'OM  i * 2t» i .  The  correct  thin  film  deposition  technique  had 
been  previously  determines!  leaving  onlv  the  last  details  to  be?  cor¬ 
rectly  determined,  one  detail  developed  into  a  problem;  the  mech¬ 
anical  strength  of  the  glass  at  elevated  temperature. 

5. 1  172Q  (Hass  Stmctual  Integrity 

The  main  problem  was  maintaining  the  structural  int«-gritv  of  the 
1720  glass  faceplate  during  necessan  (iost  heat  treatments.  Sur¬ 
face  distortion  and  bulk  warpage  were  observed.  The  cathodo- 
lunnnescent  properties  of  the  deposited  phosphor  thin  film  are  im¬ 
proved  to  an  acceptable  quality  by  a  heat  treatment  in  a  H2tS02 
atmosphere.  Maximum  improvement  occurs  with  heat  treatment  at 
1 050*C.  The  1720  glass  faceplate  can  not  withstand  this  temperature 
w  ithout  deforming.  The  heat  treatment  temperature  must  bo  less 
than  915*C  with  the  corresponding  diminished  cathorloluminescent 
improvement. 

The  temperature  -  mechanical  strength  properties  of  1720  glass 
are  revealed  in  Table  1.  At  *>f»7*C,  the  glass  Just  begins  to  deform 
under  load.  Increasing  the  temperature  to  915*C,  the  glass  deforms 
under  its  own  weight.  Between  these  temperatures  the  glass  may 
deform  if  subjected  to  stress  iloadi. 
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TABLE  1  Viscosity  -  Temperature  Data  1720  Glass 


r>.  1. 1 


Surface  Distortion  Problems  ami  Solution 


The  faceplate  surface  distortion  problem  was  encountered  during 
the  il2+S02  treatment  at  elevated  temperature  which  is  necessary 
to  improve  the  brightness  of  the  phosphor  films.  Distortion  con¬ 
tinued  to  be  a  problem  although  the  treatment  temperature  was 
lowered  in  steps  from  S70*C  to  S25*C. 

The  surface  distortion  was  in  the  form  of  a  somewhat  complex 
pattern  in  that  the  uncoated  surface  of  the  1720  glass  had  frosty 
areas  together  w  ith  clear  areas  which  appeared  to  have  melted. 
These  clear  areas  looked  somewhat  like  spikes  of  a  wheel,  ami 
were  generally  concave.  In  all  cases,  the  distortion  was  confined 
to  regions  of  the  front  tuncoatedi  surface  opposite  the  film-coat¬ 
ed  area  of  the  l»aek  surface  (Figure  2*.  There  was  no  surface  dis¬ 
tortion  in  the  border  region  opposite  the  1  ^4  inch  w  ide  uncoated 
liorder  area  on  the  film  side. 

It  was  found  that  no  surface  distortion  of  an  uncoated  1720  glass 
disc  occurred  at  M4*C  for  one  hour  in  argon,  while  a  disc  coated 
with  I  a.,(  i,,s  phosphor  films  showed  surface  distortion  after  treat¬ 
ment  at  the  same  temperature  in  the  >2* 

A  further  test  was  made  b\  treating  an  uncoated  1720  disc  in  the 
H2*SO.,  atmosphere  at  *>7t)*C  for  one  hour.  So  surface  distortion 
of  the  disc  occurred,  thus  ruling  out  any  reaction  Ik* tween  the  car- 
!“>n  support  plate  and  the  glass  disc  that  might  have  Ix-en  promoted 
by  the  active  gaseous  ambient. 

It  is  concluded  that  the  very  unusual  surface'  distortion  observed  on 
treating  coated  discs  is  the  result  of  stress  arising  from  the  diff¬ 
erence  in  thermal  expansion  coefficients  lietwoen  the  phosphor  film 
and  the  glass.  The  linear  coefficients  for  l-a^O^S  and  1720  glass 
are  6  x  lo-*’  per  *C  CUK)-f,00*K>  and  4.2  x  lo*T>  per  *C  <27:i-r»7:i*K|. 
respectively.  A  comparable  difference  pmi>ahl\  exists  at  *70*1' 
ill  t.i'Ki,  although  no  literature  values  are  available  for  either 
material  at  this  higher  temperature.  At  the  treatment  tempera¬ 
ture,  the  mismatch  of  expansion  coefficients  between  film  and  glass 
produces  a  tensile  stress  upon  the  coated  surface  of  the  glass.  As 
the  temperature  exceeds  the  strain  point,  the  stress  is  relieved  by 
viscous  flow  of  the  glass,  (in  subsequent  cooling  from  870*C  to 
t*<’7f  the  coated  surface  would  In*  constrained  to  contract  faster 
than  the  uncoated  surface.  Cooling  tielow  6«7*C  the  then  rigid 
glass  would  1h'  placed  under  compressive  stress. 

I  he  surface  distortion  mechanism  was  not  more  definitively  defined. 
The  final  solution  appeared  to  be  the  selection  of  a  lictter  faceplate 
material.  The  interim  solution  was  to  remove  the  distorted  sur¬ 
face  by  polishing.  The  Interim  solution  was  successful  and  exped¬ 
ient. 
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Warped  Faceplate1 

The  faceplates  would  warp  to  varying  decrees  during  heat  treat¬ 
ment.  The  thermal  expansion  coefficient  mismatch  discussed  in 
the  previous  paragraph  results  in  the  coating  applying  a 

stress  to  the  glass  substrate  at  elevated  temperature.  During 
heat  treatment  the  glass  is  under  stress  during  heating  until 
temperatures  above  t>*>7V  when  the  glass  flows  to  relieve  this 
stress.  Holding  at  the  maximum  temperature  (S70*l'i  for  one 
hour, the  glass  has  time  to  equilibrate  to  a  strain  free  condition. 

When  cooling  to  t>67*t',  stress  is  relieved  by  viscous  flow.  How¬ 
ever,  the  la.,l»2S  coat  is  1  surface  is  contra  tiled  to  contract  more 
than  the  other  side  and  this  strained  (Figure  3|  or  warped  con¬ 
dition  is  "frozen  in"  as  the  faceplate  cools  below  6H7*t"  to  room 
temperature.  This  strained  or  warped  condition  (this  is  not 
surface  distortion)  does  not  manifest  itself  as  a  problem  at  this 
time. 

Slumping  During  Heat  1  rcatment 

It  was  rc|>ortod  (W.I-7*—  1 1(51  Mill  7i  that  the  glass  faceplate 
slumped  to  conform  to  the  sup|>orttng  substrate  during  the  870*C 
heat  treatment.  Moreover  the  problem  was  solved  by  polish- 
mg  the  substrate  flat.  The  verb  slump  is  not  entirely  accurate. 
Slumping  is  glass  deforming  under  its  own  weight  (softening 
|M»int  of  1720  glass  is  01  !">•(/ 1.  Slumping  will  not  occur  unless 
the  temperature  ts  Increased  45*  to  915*C.  However,  the  con¬ 
cave  substrate  would  accomodate  the  concave  warpage  just  dis¬ 
cussed  (5. 1. 2i  as  the  faceplate  w  as  placed  on  the  substrate 
coated  side  up.  The  differential  thermal  expansion  plus  the  un- 
supported  weight  of  the  faceplate  combined  to  make  the  glass 
"slump".  It  was  observed  the  flat  substrate  reduced  this  deforma¬ 
tion  appreciably. 

Hofhftancc  anil  brightness  Measurements 

The  reflectance  and  brightness  measurement  techniques  were  de- 
fincd  in  the  second  interim  rcjxirt  (KCOM-77-2639-21. 

Specular  Reflectance 

The  specular  reflectance  for  faceplates  XXII  -  XXVIII  were  initially 
measured  on  the  distorted  faceplates  at  selected  positions  that 
were  visually  frost-free.  In  general,  these  areas  were  concave, 
and  it  is  probable  that  some  of  the  incident  light  eseaped  detection 
by  the  photometer  by  reason  of  reflection  at  an  angle  other  than 
the  apparent  ineident  angle. 

The  faceplates  were  measured  again  after  optical  polishing  to  re¬ 
move  the  distortion.  The  average  of  the  measurements  was  0.  31 
higher  than  that  for  the  previous  measurements  (Faceplate  XXVI 
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was  sent  to  Mr.  Krzyzkowski  for  polishing  on  the  Mazur  machine 
at  KCOM  and  was  thus  not  available  for  the  after-polish  measure¬ 
ments). 


Spivular  reflections  were  attain  measured  for  this  group  of  face¬ 
plates  eight  days  later,  at  the  time  the  diffuse  reflectance  mea¬ 
surements  were  made.  The  values  were  lower  than  the  second 
measurements,  and  htgher  than  the  initial  measurements.  There 
wa>  also  a  somewhat  smaller  spread  of  the  individual  faceplate 
tallies,  this  may  Ik-  the  result  of  improved  operator  skill  or 
perhaps  due  to  aging  of  the  polished  surfaces;  it  is  well  known 
that  a  reduction  of  reflectance  is  associated  with  aging  of  po¬ 
lished  surfaces. 


I  he  results  of  the  reflectance  measurements  for  faceplates  XXII- 
XWI1I  are  summarized  in  the  acoompHnying  Table  2. 

Reflectance  measurements  for  faceplates  XXIX-XXXVII  were 

made  by  U»ckhoed  emit  after  polishing  and  are  summarized  in 
Table  3. 


Diffuse  Reflectance 

Two  methods  were  used  for  the  diffuse  reflectance  measurements. 
In  the  first  method  the  sample  was  rotated  16  degrees  from  the 
specular  measurement  position.  This  produced  an  angle  of  in¬ 
cidence  of  lie  and  a  measuring  angle  for  the  scattered  or  diffusely 
reflected  light  of  16*.  The  signal  measured  in  the  diffuse  position 
was  referenced  to  the  signal  obtained  in  the  specular  jiosition. 

In  the  second  method,  the  physical  arrangement  was  identical, 
but  the  sensitivity  of  the  Pritchard  Spot  Brightness  meter  was 
increased  b\  a  factor  of  JO  and  the  measured  signal  reference*! 
to  that  obtained  from  a  diffuse  source  (51.1  (ilo  Paint  on  Dow  17 
substrate)  for  which  a  reflectance  of  0.  *9  had  been  previously 
determined  for  visible  light. 

For  the  first  method,  all  samples  gave  a  value  of  0  *  0.008;  for 
the  second  nu  ihod,  all  samples  gave  a  value  of  0.007  »  0.001. 

In  the  second  method,  it  is  suspected  that  the  measured  signal  is 
largeh  due  to  stray  light  in  the  measurement  nmm. 

Cathodoluminesccnt  Brightness 

Cathodoluminescent  brightness  of  the  faceplate  was  measured 
at  a  beam  current  of  5pA  at  a  series  of  electron  accelerating 
jiotentials,  using  the  demountable  cathodoluniincscencc  measur¬ 
ing  system.  The  results,  normalized  with  respect  to  an  UoOjSiTb 
film  on  sapphire  processed  at  1050*C.  are  summarized  in  Table  4. 
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TAB1.E  2 

Results  of  Reflectance  Measurements 


Specular 

Before 

Polish, 

1-12-79 


Specular 

After 

Polish, 

2-12-79 


Specular 

After 

Polish, 

2-20-79 


Diffuse 

After 

Polish, 

2-10-79 


Faceplate 

N<>. 


TABLE  3 


Results  of  Reflectance  Measurements 

Specular 

Diffuse 

Faceplate 

After 

After 

No. 

Polish, 

Polish, 

2-21-79 

2-21-79 

XXIX 

.  061 

.007 

XXX 

.059 

.  006 

XXXI 

.055 

.  006 

XXXII 

.064 

.007 

XXX  III 

.  060 

.007 

XXXIV 

.055 

.007 

XXXV 

.058 

.009 

XXXVI 

.060 

.009 

XXXVII 

.057 

.  006 

Average 


059 


007 
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Measured  Cathodoluminescence  Brightness,  11. 


Nit  Film  Deg radativm 

The  non -reflecting  <NRi  film  may  suffer  from  heat  treatments 
m  subsequent  CU  T  fabrication.  The  NK  film  is  a  graded  com- 
|K>sition  of  vanadium  and  oxygen  and  is  deposited  after  the  phos¬ 
phor  thin  film  (latgO^S)  is  heat  treated.  In  processing,  the  frit 
sealing  cycle  might  promote  solid  state  diffusion  of  vanadium 
and  'or  oxygen  in  the  film.  This  diffusion  would  become  evident 
as  an  increase  in  reflectivity  and  transmission.  At  elevated 
temperatures  the  possibility  of  a  reaction  exists  lie  tween  the 
NK  ami  I.a.,0.,S  films.  This  would  result  in  u  decrease  in  the 
cathodoluminescent  brightness  of  the  lai.tOoS  film. 

A  study  was  made  to  determine  the  effect  of  exposure  of  the 
phosphor  film  -  NK  film  combination  to  elevated  temperature 
for  a  period  of  time  in  an  inert  atmosphere.  Conditions  were 
chosen  to  simulate  those  of  sealing  the  cathode  ray  tui>e  face¬ 
plates  to  the  tui>e  envelope  during  assembly  w  hich  is  typically 
640*C  in  a  nitrogen  atmosphere  for  one  hour. 

An  spoOA  film  of  l-a.,1  ).,S:Tb  phosphor  was  deposited  on  a  3  inch 
diameter  disc  of  1720  glass  identical  to  those  used  for  the  face¬ 
plates.  A  non-reflective  vanadium-based  film  was  next  deposited 
over  the  phosphor.  One  half  of  the  disc  was  masked  and  SOO^  °f 
aluminum  deposited  on  the  unmasked  NK  film  area.  Specular  re¬ 
flectivities  were  measured  for  the  aluminum-coated  and  uncoated 
areas  from  the  faceplate  viewing  side. 

The  disc  was  then  divided  into  a  number  of  pieces  using  a  diamond 
saw.  After  thorough  rinsing  to  remove  sawing  debris,  the  pieces 
were  dried.  Pairs  of  aluminum-coated  and  uncoated  pieces  were 
subjected  to  temperatures  of  t>52*,  627*.  and  604  *C  in  an  argon 
atmosphere  of  a  tube  furnace  for  1  hour.  Argon  99.99  was 
selected  as  the  ambient  atmosphere  to  insure  complete  inertness 
toward  the  NK  film. 

Nitrogen,  however,  is  presently  used  as  the  actual  sealing  ambient 
and  there  is  some  possibility  of  an  effect  on  the  NR  film  by  reac¬ 
tion  of  vanadium  with  nitrogen.  The  literature  (Ref.  li  suggests 
such  reaction  would  be  minimal  below  700* C. 

Reflectivity  Measurements 

Specular  reflectivities  were  subsequently  measured  on  the  in¬ 
dividual  test  pieces.  The  reflectivities  of  all  test  pieces  is  seen 
to  have  increased.  The  average  increase  was  20T.  The  increase 
for  the  aluminum-coated  samples  was  about  half  that  of  the  non¬ 
aluminum-coated  samples  at  60.ri*  and  627*C,  but  practically 
identical  at  652*C.  A  more  extensive  study  would  be  required  to 
draw  valid  conclusions  as  to  anv  real  difference  between  aluminum- 
coated  ami  uncoated  faceplates. 
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.  1  Continued 

Before  treatment  the  samples  without  aluminum  had  the  normal 
metallic  vanadium  appearance  of  their  back  sides  and  had  low 
light  transmission  as  viewed  against  the  laboratory  fluorescent 
lamps  from  their  front  side  after  treatment.  All  three  samples 
w  ithout  aluminum  lost  their  metallic  appearance  and  had  increased 
transmission. 

The  samples  with  aluminum  were  opaque  due  to  the  aluminum  both 
before  and  after  treatment.  The  aluminum  of  the  sample  treated 
at  6l)5*C  exhibited  the  usual  bright  metallic  appearance  after  treat¬ 
ment.  The  aluminum  of  those  treated  at  627*C  and  652*C  had  a 
yellow  tone  after  treatment.  The  yellow  tone  is  probably  due  to 
diffusion  of  vanadium  metal  into  the  aluminum. 

The  increase  of  transparency  (and  consequently,  reflectivity)  is 
probably  due  to  a  diffusion  of  oxygen  or  vanadium  through  the 
graded  vanadium  NK  film,  the  Initial  composition  of  which  is  be¬ 
lieved  to  be  V2O5  at  the  Ij^^S-NR  film  interface  and  metallic 
vanadium  on  the  outside.  An  interdiffusion  would  decrease  the 
oxygen  gradient  through  the  film,  producing  a  leveling  effect 
with  all  portions  of  the  NR  film  tending  toward  a  uniform  lower 
oxide  of  vanadium. 

2  Brightness  Measurements 

To  assess  the  possible  reaction,  cathodoluminescent  brightness 
measurements  were  made  on  the  treated  samples  and  compared 
with  the  measured  brightness  before  treatment.  There  is  no 
significant  difference  between  treated  and  untreated  samples.  It 
was  concluded  that  there  is  no  reaction  between  the  NR  and 
la202S  films. 

PARALLEL  Tl’BE  PROGRAM 

Four  faceplates  were  received  from  Iockheed  in  early  August 
(*18-21).  Faceplate  *19  yielded  an  operational  CRT.  Measure¬ 
ments  revealed  a  factor  of  four  improvement  In  brightness  (at 
10  kV).  This  improvement  was  believed  to  be  due  to  improved 
cathodoluminescent  efficiency  of  the  phosphor  film  (I^ockheed's 
improvement).  An  Finzel  electron  gun  was  used  in  this  CRT; 
bipotential  guns  were  used  in  the  comparison. 

The  history  of  the  three  unsuccessful  attempts  follows.  One 
faceplate  was  frit  sealed  satisfactorily;  however,  the  absorbent 
black  layer  became  transparent.  The  water,  hence  oxygen,  con¬ 
tent  of  the  frit  sealing  furnace  atmosphere  was  suspected  to  be 
excessive.  Further  oxidation  would  increase  the  transmission 
of  the  film.  Steps  were  taken  to  reduce  the  partial  pressure  of 


-16- 


Continued 

ll.>0  to  zero.  Before  this  occured,  a  second  faceplate  (#21) 
was  aluminum  coated  on  50T  of  the  surface  and  was  then  heat 
treated.  The  uncoated  side  suffered  an  increase  in  transmission 
due  to  the  water  vajior  contaminated  furnace  atmosphere.  This 
faceplate  was  fabricated  into  a  CUT  and  brightness  data  was 
measured  for  either  lialf  of  the  faceplate.  The  measurements 
for  the  coated  side  were  expected  to  lx*  equal  to  or  less  than 
those  for  the  uncoated  side  as  the  fraction  of  energy  used  to 
penetrate  the  coating  would  then  lx*  unavailable  to  excite  the  phos¬ 
phor.  The  data  was  inconclusive  as  the  opfiosite  tend  was  ob¬ 
served.  Kssentiallv  the  brightness  was  not  affected.  The  degrada¬ 
tion  of  the  absorbing  black  layer  would  decrease  the  contrast  and 
not  necessarily  the  brightness.  Qualitative  tests  were  performed 
at  Kaiser  Aerospace.  Palo  Alto,  California.  The  contrast  was 
not  significantly  different  for  either  half  of  the  faceplate. 

The  forth  faceplate  (*2<b  was  frit  sealed  to  a  funnel  at  too  high  a 
temperature.  The  funnel  deformed  under  the  weight  of  the  fix¬ 
ture.  To  prevent  this  the  furnace  was  calibrated  and  the  fixture 
was  lightened.  Moreover,  the  faceplate  was  returned  to  KRADCOM 
for  salvaging. 

CONC1  I  S  IONS 

1720  glass  is  not  a  perfect  faceplate  material.  The  softening  point 
of  glass  is  approached  as  close  as  possible  during  the  heat  treat¬ 
ment  necessary  to  improve  the  cath<xioluminesccnt  efficiency  of  the 
I  a2(>2^  film.  The  best  improvement,  without  melting  the  glass,  is 
approximately  70  of  that  achievable  with  a  much  higher  melting 
faceplate  material  (sapphire).  At  the  beginning  of  this  program 
glass  was  favored  over  sapphire. 

Surface  distortion  on  the  unconted  surface  of  the  faceplates  re¬ 
sulted  from  heat  treatment  at  87o*C.  This  problem  was  resolved 
by  polishing  the  surface.  Warpage  of  the  faceplate  also  resulted 
from  the  heat  treatment.  It  was  not  excessive  and  could  be  accomo¬ 
dated  in  the  frit  sealing  operation  (a  grinding  step). 

The  improvement  in  brightness  of  the  most  recent  CRT  indicates 
an  improvement  in  1  ock heeds  sputter  deposition  and  heat  treat¬ 
ment  technique.  An  improvement  of  approximately  four  was  a 
result  of  improved  process  control  during  sputter  deposition  and 
attaining  a  maximum  of  870*C  during  heat  treatment. 

Tests  to  investigate  degradation  of  the  absorbing  black  film  have 
been  inconclusive. 
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PROGRAM  FOR  NEXT  INTERIM  PERIOD 


Fabrication  of  complete  CRTs  shall  occur  next  interim  using  the 
faceplates  discribed  in  this  report. 


Black  Backed  Transparent 
Phosphor  Structure 


Figure  2.  Schematic  of  High  Contrast  Two-Color  Screen 
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C.S.  Army  Aviation  Center 
Attn  ATZQ-D-MA 
001  Fort  Rucker.  AL  36362 

407  Director.  Ballistic  Missile  Defense 
Advanced  Technology  Center 
Attn  ATC  R.  P.O.  Box  1500 

001  Huntsville,  AI.  35807 

417  Commander 

C.S.  Army  Intelligence  Center  4  School 
Attn:  ATSI-CD-MD 
002  Fort  Huachuca,  A Z  85613 

418  Commander 

Hq.  Fort  Huachuca 

Attn:  Technical  Reference  Div. 

001  Fort  Huachuca.  AZ.  85613 
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-*  l  i»  Commander 

l.S.  Army  Electronic  Proving  Ground 
Attn:  STEEP  MT 
00.’  Fort  Huachuca.  A/.  85613 

437  Deputy  for  Science  4  Technology 
Office .  Assist.  Sec.  Army  (Hll>) 

001  Washington.  D.C.  20310 

4>  HQDA  (DAMAARZ  1)/DR. 

F.  1).  Verderame) 

001  Washington.  D.C.  20310 

455  Commandant 

l  .S.  Army  Signal  School 
Attn  AT/.  MET  I. 

001  fort  Gordon,  GA  3G905 

47o  Director  of  Combat  Developments 
l  .S.  Army  Armor  Center 
Attn.  ATZK  CD- MS 
002  Fort  Knox.  KY  40121 

475  CDR.  Harry  Diamond  Laboratories 
Attn.  Library 
2800  Powder  Mill  Road 
001  Adelphi.  MD  20783 

477  Director 

l  .S.  Army  Ballistic  Research  Labs 
Attn:  DRXBR-LH 

001  Aberdeen  Proving  Ground.  MD  21005 

481  Harry  Diamond  Laboratories.  DA 
Attn:  DELHI)  RCB 

(Dr.  J.  Nemarich) 

2800  Powder  Mill  Road 
001  Adelphi.  MD  20783 

482  Director 

l  .S.  Army  Materiel  Systems 
Analysis  ACT V' 

Attn:  DRXSY-T 

001  AU-rdeen  Proving  Ground .  MD  21005 

483  Director 

l  .S.  Army  Materiel  Systems 
Analysis  ACTV 
Attn:  DRXSY-MP 

001  Al>erdeen  Proving  Ground.  MD  21005 

499  CDR.  TARCOM 

Attn:  DRDT  ARM 
001  Warren.  MI  48090 


507  CDR.  AVRADCOM 
Attn:  DRSAV-E 
P.O.  Box  209 
001  St.  Louis.  MO  63166 

511  Commander  ARRADCOM 
Attn:  DRDAR  LCA  PD 

002  Dover.  NJ  07801 

512  Commander  ARRADCOM 
Attn:  DRDAR-LCN-S 

001  Dover.  NJ  07801 

513  Commander  ARRADCOM 
Attn:  DRDAR  TSS  «59 

001  Dover.  NJ  07801 

515  Project  Manager.  REMBASS 
Attn:  DRCPM-RBS 
002  Fort  Monmouth.  NJ  07703 

517  Commander 

U.S.  Army  Satellite  Communications  Agcy 
Attn:  DRCPM-SC-  3 
002  Fort  Monmouth.  NJ  07703 

518  TRI-TAC  Office 
Attn:  TT-SE 

001  Fort  Monmouth.  NJ  07703 

519  CDR.  l  .S.  Army  Avionics  Lab 
AVRADCOM 

Attn:  DAVAA  D 
001  Fori  Monmouth.  NJ  07703 

520  Project  Manager,  Firefinder 
Attn:  DRCPM  FF 

001  Fort  Monmouth.  N.l  07703 

521  Commander 

Project  Manager.  Sotns 
DRCPM  STA 

001  Fort  Monmouth.  NJ  07703 

522  Commander 

Aviation  Flight  Test  Activity 
Attn:  DEI.AF-CO 
001  I.akehurst  NAEC.  NJ  08733 


1 


531  CDR.  U.S.  Army  Research  Office 
Attn:  DRXRO-IP 

P.O.  Box  1221 

001  Research  Triangle  Turk.  NC  27709 

532  CDR,  U.S.  Army  Research  Office 
Attn:  DRXRO-PH 

(l)r.  R  .  J  .  Unit  z  ) 

P.O.  Box  12211 

001  Research  Triangle  Park.  NC  27709 

533  Commandant 

U.S.  Army  INST,  for 
Military  Assistance 
Attn:  ATSL’-CTD-MO 
001  Fort  Bragg.  NC  28307 

537  CDR.  U.S.  Army  Tropic  Test  Center 
Attn.  STETC-MO-A  (Tech  Library) 
Drawer  942 

001  Ftirt  Clayton.  Canal  Zone  09827 

543  Division  Chief 

Meteorology  Division 
Counterfire  Department 
002  Fort  Sill.  Ok  73503 

554  Commandant 

U.S.  Army  Air  Defense  School 
Attn:  ATSA-CD  MC 
001  Fort  Bliss,  TX  79916 

555  Commander 

l  .S.  Army  Nuclear  &  Chemical  Agency 
7500  B aeklick  Rd..  Bldg.  2073 
001  Springfield.  VA  22150 

556  By.  TCATA 

Technical  Information  Center 
Attn:  Mrs.  Ruth  Reynolds 
001  Fort  Hood.  TX  76544 

563  Commander.  DARCOM 
Attn:  DRCDE 

5001  Eisenhower  Ave. 

001  Alexandria.  VA  22333 

564  CDR.  U.S.  Army  Signals  Warfare  Lab 
Attn  DELSW  OS 

Vint  Hill  Farms  Station 
001  Warrenton.  VA  22186 

568  Commander 


569  Commander 

U.S.  Army  Engineer  Topographic  Labs 
Attn:  ETL-TD-EA 
001  Fort  Belvoir .  VA  22060 

572  Commander 

U.S.  Army  Logistics  Center 
Attn:  ATCL-MC 
002  Fort  Lee.  VA  22801 

579  CDR.  PM  Concept  Analysis  Centers 
Attn:  DRCPM-C AC 
Arlington  Hall  Station 
001  Arlington.  VA  22212 

602  CDR.  Night  Vision  ft  Electro-Optics  Lab 
ERA DCOM 

Attn:  DELNV-D 
001  Fort  Belvoir.  VA  22060 

603  CDR.  Atmospheric  Sciences  Lab 
ERADCOM 

Attn:  DELAS-SY-S 

001  White  Sands  Missile  Range.  NM  88002 

604  Chief 

OFC  of  Missile  Electronic  Warfare 
Electronic  Warfare  Lab.  ERADCOM 
001  White  Sands  Missile  Range,  NM  88002 

606  Chief 

Intel  Materiel  Dev.  ft  Support  Office 
Electronic  Warfure  Lab.  ERADCOM 
001  Fort  Meade.  MI)  20755 

607  CDR  .  Harry  Diamond  Laboratories 
Attn:  DELHI)  CO 

2800  Powder  Mill  Road 
001  Adelphi.  MI)  20783 

608  Commander 
A RR A DCOM 
DRDAR-TSB  S 

001  Aberdeen  Proving  Ground .  MI)  21005 

609  CDR.  ERADCOM 

Attn:  DRDEL-CG ;  -CD;  -CS  (in  turn) 
2800  Powder  Mill  Road 
001  Adelphi.  MD  20783 

612  CDR.  ERADCOM 
Attn:  DRDEL-CT 
2800  Powder  Mill  Road 
Adelphi.  MD  20783 


U.S.  Army  Mobility  EQP  RES  ft  DEV  CMDooi 
Attn.  DRDME-R 
001  Fort  Belvoir.  VA  22060 
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613 

CDH ,  KRADCOM 

700 

CINDAS 

Attn:  DRDELPAO 

Purdue  Industrial  Research  Park 

2800  Powder  Mill  Road 

2595  Yeager  Road 

001 

Adelphi ,  MI)  20783 

001 

W.  Lafayette.  IN  47096 

617 

CDR  .  KRADCOM 

701 

MIT  -  Lincoln  Laboratory 

Attn  DRDEL-AQ 

Attn:  Library  (RM  A -082) 

2800  Powder  Mill  Road 

P.O.  Box  73 

001 

Adelphi.  MD  20783 

002 

Lexington,  MA  02173 

619 

CDR .  KRADCOM 

703 

NASA  Scientific  k  Tech  Info  Facility 

Attn;  DRDKl.  PA.  -1LS;  Kl)  (in  turn) 

Baltimore /Washington  lntl.  Airport 

2800  Powder  Mill  Road 

001 

P.O.  Box  8757.  MD  21240 

001 

Adelphi.  Ml)  20783 

704 

National  Bureau  of  Standards 

662 

1HJS  .  Harry  Diamond  l.at>oratorie.s 

Bldg.  225.  Rm.  A-331 

Attn:  DKLHD-TI) 

Attn:  Mr.  Leedy 

(Dr.  W .  W .  Carter) 

2800  Powiler  Mill  Road 

001 

Washington.  D.C.  20231 

001 

Adelphi.  MD  20783 

705 

Advisory  Group  on  Electron  Devices 

201  Vurick  Street.  9th  Floor 

6  SO 

Commander 

l.S.  Army  Klectronics  RlD  Command 

002 

New  York.  NY  10014 

000 

Fort  Monmouth.  NJ  07703 

706 

Advisory  Group  on  Electron  Devices 
Attn  Secy.  Working  Group  I)  (Lasers) 

1  DRDKl.  SA 

201  Varick  Street 

1  DELEW  D 

3  DKLCS-I) 

002 

New  York.  NY  10014 

1  DELET-D 

707 

TACTEC 

1  DELET-DD 

Bntelle  Memorial  Institute 

2  DELET-DT 

505  king  Avenue 

5  DKLET-BD 

001 

Columbus.  OH  43201 

1  DKI.SD-D 

1  DELSD-AS 

709 

Plastics  Tech.  Evul.  Center 

1  DEI.SD-L  (Tech  Lab) 

Picatinny  Arsenal.  Bldg.  176 

2  DEI.SD-1.  S  (STINFO) 

Attn:  Mr.  A.  M.  Anzalone 

25  Originating  Office 

001 

Dover.  NJ  07801 

6S1 

Commander 

711 

Metals  and  Ceramics  Inf.  Center 

l  .S.  Army  Communications  R4D  Command 

Batello 

000 

Fort  Monmouth.  S3  07703 

001 

505  King  Avenue 

Columbus.  OH  43201 

1  DRDCO  COM  RO 

1  L’SMC-LNO 

Dr.  Robert  Trimmier 

1  ATFE-LO- EC 

Sperry  Flight  Systems 

Mail  Station  109H 

682 

Commander 

21111  N.  19th  Avenue 

C.S.  Army  Communications  k  Elect ronicsooi 

Phoenix.  AZ  85027 

Materiel  Readiness  Command 

000 

Fort  Monmouth.  NJ  07703 

Mr.  Robert  Perutz 

1  DRSEL-PL-ST 

LORAL  Klectronics  Systems 

1  DRSEL-MA-MP 

999  Centra]  Park  Avenue 

2  DRSEL-PA 

001 

Yonkers.  NY  10704 
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